Abstract A common issue in spatial interpolation is the combination of data measured over different spatial supports. For example, information available for mapping disease risk typically includes point data (e.g. patients' and controls' residence) and aggregated data (e.g. socio-demographic and economic attributes recorded at the census track level). Similarly, soil measurements at discrete locations in the field are often supplemented with choropleth maps (e.g. soil or geological maps) that model the spatial distribution of soil attributes as the juxtaposition of polygons (areas) with constant values. This paper presents a general formulation of kriging that allows the combination of both point and areal data through the use of area-to-area, area-to-point, and point-to-point covariances in the kriging system. The procedure is illustrated using two data sets: (1) geological map and heavy metal concentrations recorded in the topsoil of the Swiss Jura, and (2) incidence rates of late-stage breast cancer diagnosis per census tract and location of patient residences for three counties in Michigan. In the second case, the kriging system includes an error variance term derived according to the binomial distribution to account for varying degree of reliability of incidence rates depending on the total number of cases recorded in those tracts. Except under the binomial kriging framework, area-and-point (AAP) kriging ensures the coherence of the prediction so that the average of interpolated values within each mapping unit is equal to the original areal datum. The relationships between binomial kriging, Poisson kriging, and indicator kriging are discussed under different scenarios for the population size and spatial support. Sensitivity analysis demonstrates the smaller smoothing and greater prediction accuracy of the new procedure over ordinary and traditional residual kriging based on the assumption that the local mean is constant within each mapping unit.
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Introduction
Since its origin, geostatistics has been routinely used to predict block averages from point data. More recently, several authors (Gotway and Young 2002 , 2005 , 2007 Kyriakidis 2004; Goovaerts 2008) proposed the use of kriging to predict point values from areal data, an approach referred to as area-to-point (ATP) kriging, following the terminology in Kyriakidis (2004) . This approach allows mapping the variability within geographical units while ensuring the coherence of the prediction so that the sum or average of disaggregated estimates is equal to the original areal datum. However, looking at the general formulation of kriging (Journel and Huijbregts 1978) , it is clear that this approach can accommodate different spatial supports for the data, such as a mixture of point data and irregular block values.
The issue of combining data measured on different spatial supports has been the topic of much research in soil science. Indeed, the information available for mapping continuous soil attributes often includes point field data and choropleth maps (e.g. soil or geological maps) that model the spatial distribution of soil attributes as the juxtaposition of polygons (areas) with constant values. One common approach is to use soil map information to inform the local mean of the random function (Goovaerts and Journel 1995; Hengl et al. 2004; Liu et al. 2006 ). Variography and kriging are then conducted on the stationary residuals (that is, differences between point measurements and mapping units' means) and results are combined to obtain the final estimates. More recently, Goovaerts (2010) proposed to replace the choropleth map of local means by an isopleth map created using ATP kriging to allow for smooth transitions between units. In either case, because residual kriging proceeds in two steps, there is no guarantee that the final map of kriging estimates will honor areal data: the average of interpolated values within each area typically does not equal the areal datum.
Another field that is faced with the challenge of incorporating data measured over different spatial supports is medical geography or spatial epidemiology, which is concerned with the study of spatial patterns of disease incidence and mortality and the identification of potential causes of disease, such as environmental exposure or sociodemographic factors (Waller and Gotway 2004; Goovaerts 2007 Goovaerts , 2009a . Maps of health outcomes, such as cancer mortality or incidence of late-stage diagnosis, are used by public health officials to identify areas of excess and to guide surveillance and control activities, including consideration of health services needs and resource allocation for screening and diagnostic testing. Quality of decision-making thus relies on an accurate quantification of risks from observed rates which can be very unreliable when computed from sparsely populated geographical units or recorded for minority populations. Data available for human health studies fall within two main categories: individual-level data (e.g. location of patients' residences) and aggregated data (e.g. incidence rates of a disease computed within administrative entities). For mapping purposes, both types of data are typically processed independently using
